ABSTRACT
INTRODUCTION
Due to the highly demand on more efficient and reliable cable accessories for low and medium voltage application, the use of mechanical shear bolt connectors instead of classical crimping ones is becoming more frequent. Although shear bolt connectors have been successfully applied on cable accessories in Germany during the last 10 years, there are not much long term experiences concerning the behaviour of this type of connectors in cases of critical load or overload. In the high current laboratory of the electrical department of the Zittau University different long term overload tests on a typical multi range shear bolt connector were carried out. In the first part of the examination the connectors were tested on their minimum and maximum cross-section application with aluminium conductors according to the procedure of [1] , but without ending the test after 1000 heat cycles. After the 1000 heat cycles, the test continues for another 4000 cycles by increasing of the heating current. In another part of examination the behaviour of the same type of connector was tested into different types of MV cable joints.
OVERLOAD TESTS ON CONNECTORS

Connector description
The multi range shear bolt connector consists of a cylinder body made of aluminium alloy having 4 bolts made of the same material [ Fig. 1 ]. The connector is designed for a cross section application range from 95 mm² to 240 mm² for both solid or stranded aluminium and copper round shape conductors.
Figure 1
Mechanical connector with thermocouple during the load cycle test
The M14 size bolts are provided with shear off heads which break by a torque of approx 22 Nm in case of 240 mm² and 24 Nm in case of 95 mm² conductors.
Test condition
The long term load cycle tests were applied in accordance to the procedure stated on the connector standard [1] . The requirement of this standard is to apply 1000 load cycles on 6 connectors connected to each other but separated with a certain span length. Figure 2 shows the time temperature characteristic for one load cycle according to [1] . During the whole test the temperature and resistance of each connector were registered and compared to a reference conductor having the same length. For the long term load test presented on this work 5000 of these cycles applied on 8 connectors, 4 pieces installed into 95 mm² and another 4 pieces into 240 mm² aluminium conductors, were carried out.
Figure 2
Load cycle characteristic according to [1] . 
Temperature developing on 240 mm² conductor
In these test the load cycle current was set up to 650A during the first 2500 cycles. During this period the temperature of the reference conductor reached 125 °C and the temperature of the median connector was 95 °C. After no having changes on the connector resistance (see fig. 3 ) the current was increased to 720A. For this load current the temperature of the reference conductor reached 150 °C and the temperature of the median connector 114 °C. After 1000 cycles at this temperature condition the load current was increased once again up to 770A. This current leaded to a reference conductor temperature of 185°C and to a median connector temperature of 145°C.
Development of the connector resistance
For both cross sections there was no change of the connector's resistances during the complete 5000 load cycles even by overloading the test loops. An important parameter to evaluate the performance of the connection is according to [1] the factor k. This factor is determined through the resistance ratio between the connector and the reference conductor. It was found that there was no considerable change of the k-factor for all connectors, which reflex a stable connector resistance. The recorded k-factors for the 95 mm² test loop and 240 mm² test loop are shown in figure 3 accordingly.
OVERLOAD TEST OF MV-JOINTS
Construction of MV -joints
After analyzing the performance of shear bolt connectors in case of load and overload conditions by itself, it is of great interest to get also information about the behaviour of such connectors applied into straight through joints for plastic insulated medium voltage cables. For the analysis following joint constructions were considered: (A) Heat shrink joint type The main components of this joint type are shown in Fig. 4 . By this type of joint the electrical field at the cut edge of the cable outer screen is performed by means of a stress control tube (black colour tube visible also in Fig. 5 and 6 ). In order to relieve the electrical stress on the connector and to fill up all possible air gaps at this area a self amalgamating stress control tape (blue colour) is wrapped over. The main insulation of the joint is performed by shrinking insulating tubes (red colour). The last of these tubes has an outer conductive layer which rebuilds the cable outer screen layer. A tin plated copper mesh performs the electrical connection of the cable screen wires. As a mechanical protection and for water tightness purposes a thick wall heat shrink tube with integrated melting adhesive is applied over the whole joint area. area 2 area 1
Figure 4 Sectional view of the heat shrink joint (A)
The temperature measurement in this joint was carried out in two main areas. Area 1 is located in the middle of the joint and includes the following positions of thermocouples:
• over shear bolt connector Position of the third thermocouple in area 1 over joint insulation (B) Slip-on joint type By this type of joint the main insulation is performed by means of a pre moulded insulating body (Fig. 8) made of silicone rubber. This one peace insulating body (grey colour) incorporate an inner conductive electrode, which works as a faraday cage for the connector, (black colour) and an outer semi conductive layer on the outside. Over the insulating body a tin plated cupper mesh is applied in order to perform the electrical connection of the cable screen.
Finally an EPDM rubber body with integrated mastic tapes is applied as outer protection. In analogy to the joint (A) two similar Areas were studied. Area 1 is located at the middle of the joint and includes the following positioning:
• over the connector
• over the insulating body
• over the outer protection
The second area was similar to joint (A).
(C) Compact joint type
The compact joint (Fig. 9) is a modern one-piece joint. By this joint the main components such as the shear bolt connector, insulating body and outer protection are already pre installed at the manufacturer facilities. The locations of measurement and positioning of thermocouples were the same as described for joint (B) 
Test conditions
The thermal cycling test for joints according to [2] and [3] runs completely different compared to connectors. For the cable accessory each load cycle shall be of 8 hours, maintaining at least 2 hours with a steady temperature difference of 5-10 K above the maximum cable conductor temperature in normal operation, and a cooling time of at least of 3 hours. The numbers of cycles required are 126 (63 in air and 63 under water).
For the purpose of this work, and differing from the procedure described above, it was decided to perform a load cycling test in air starting with the 60% load capacity of a 150 mm² Al 20kV cable. The load current was than increased in steps of 20% and up to 160%. During these load tests the connector's resistance was also measured and recorded.
In a second loop the same connectors and joints were applied into a 240 mm² Al 20kV cable. For this test the heat cycling conductor temperature was set up to 90 °C, than increased to 110 °C and finally to 130 °C. The temperature development of both Areas of study in each joint was measured and recorded in the same way as for the first loop.
Test results
Temperature developing of the 1 st loop (150 mm² Al)
For this loop the initial load cycling current was set up to 264 A, which represents the 60% of the nominal load capacity (440 A) of a 150 mm² Al 20kV cable laid in air. For the 240 mm² Al 20kV cable the load cycle start current was set up to 362A. This current represents the 60% of the nominal load current (604 A) of this cable. Table 2 shows the conductor and connector temperature in each joint. After more than 500 cycles no considerable destruction of the joint or cable was observed. A change on the connector's resistance was also not reported. 
CONCLUSION AND OUTLOOK
The long term overload test of mechanical connectors for it self and in different types of joints came to better results than expected. Different joint construction leads to a very different connector temperature. But for an overload with 130 °C instead of 90 °C conductor temperature for a long time, there was no change of the connector resistance and no destruction of the joints A general conclusion for bolted connectors is after this few long term tests hardly possible. In view of the complex ageing mechanism of connectors more studies in the field of long term behaviour are required.
